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Background Several studies have reported that HLA-DRBI may be correlated with
pemphigus vulgaris (PV), but most have been based on small samples and the
results remain inconsistent and unclear.

Objectives To investigate the correlation between DRBI and PV by a meta-analysis
of case—control/nonfamily studies.

Methods PubMed, Wiley Online Library, ScienceDirect, Google Scholar, Cochrane
Library, Chinese National Knowledge Infrastructure and Wanfang databases were
searched for studies including: (i) ‘pemphigus’; and (ii) ‘human leukocyte anti-
gen’, ‘HLA’, ‘major histocompatibility complex’, ‘MHC’ or ‘DRBI’. Eighteen
selected studies were used in meta-analyses to evaluate DRB1 alleles and pheno-
types by calculating the respective odds ratios (ORs) and 95% confidence intervals
(CIs). Stratified meta-analyses and meta-regression analysis were also conducted.
Results The frequencies of three genotypes (allele and phenotype, respectively) were
significantly increased in PV: DRB1*04 [P-value for comparability (Pc) < 0:00001,
OR 3-61, 95% CI 2-28-5-71; Pc = 0-0002, OR 4-14, 95% CI 1-98-8-65],
DRB1*08 (Pc = 0-03, OR 225, 95% CI 1:07—4-70; Pc = 0-0003, OR 246, 95% CI
1-51-4-01) and DRB1*14 (Pc < 000001, OR 647, 95% CI 4:52-9-26;
Pc < 0:00001, OR 968, 95% CI 4:47—20-98). Three others (allele and phenotype,
respectively) were significantly decreased in PV: DRB1*¥03 (Pc < 0:00001, OR
0-28, 95% CI 0-19-0-41; Pc = 0:0001, OR 0-25, 95% CI 0-12—0-51), DRB1*07
(Pc = 0-004, OR 045, 95% CI 0-26-0-78; Pc = 0-0002, OR 0-27, 95% CI 0-14—
0-54) and DRBI1*15 (Pc = 0-001, OR 0-35, 95% CI 0-18-0-66; Pc = 0-002, OR
0-32, 95% CI 0-16—0-65). Ethnicity partially explained the heterogeneity of
DRB1*07, DRB1*08 and DRB1*14 phenotypes.

Conclusions Our findings suggest that DRB1*04, DRB1*08 and DRB1*14 are statis-
tically significant susceptibility factors for PV. Conversely, DRB1*03, DRB1*07 and
DRBI1*15 may be negatively associated with PV. Specific HLA-DRBI types may
influence the susceptibility or resistance to PV, which needs further investigations.

Pemphigus is a rare and sometimes fatal autoimmune bullous
disorder that manifests as flaccid, painful, nonhealing blisters
or ulcerations on the skin and mucosal surfaces.' Histologi-
cally, pemphigus is characterized by the presence of epidermal
acantholysis, as a result of circulating and tissue-fixed anti-
bodies against keratinocyte surface antigens, separation of des-
mosomes and dissolution of the intercellular material. If left
untreated, the resulting widespread bullae and erosions can
increase the probability of infection, aggravate metabolic dis-
turbance, and trigger an inappropriate and detrimental
immune response. The disease ordinarily requires long-term
therapy, most often with systemic corticosteroids;> however,

these treatments are associated with serious side-effects.> Thus,
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there is an urgent need to gain a detailed understanding of
the aetiology and pathogenesis of pemphigus.

Pemphigus onset usually occurs between the 4th and 6th
decades of life and has been reported in various populations.
Worldwide annual incidence has been estimated at 0-76-6-7
cases per million.” Three basic forms of pemphigus are cur-
rently recognized, based on distinctive clinical signs and
pathology: pemphigus vulgaris (PV), pemphigus foliaceus and
paraneoplastic pemphigus. PV is the most commonly diag-
nosed form, and accounts for approximately 80% of all pem-
phigus cases. In PV, mucous membranes are affected and the
circulating autoantibodies mainly target the desmosomal
cadherin family member, desmoglein (Dsg) 3. It has been
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demonstrated that Dsg3-reactive T and B cells both indirectly
regulate formation of pathogenic autoantibodies.* The pres-
ence of IgGl and IgG4 against Dsg3 was directly related to
the ratio of Dsg3-reactive Th1/Th2 cells,® and autoreactive T
cells, that recognized epitopes of the extracellular domain of
Dsg3, were restricted by PV-associated human leucocyte anti-
(HLA)-DRB1  alleles.®”’
responses to Dsg3 may be strictly regulated by the hydropho-
Leu®’ and Val®®
hydrophilic amino acid residues at positions 70 and 71 on the
HLA-DR B chain.®

The demonstrated association of PV with HLA class II has

gen Furthermore, autoimmune

. . . . 26
bic amino acid residues Phe"”, and

been supported by serology, genotyping and sequencing in
cases from different ethnicities. For example, alleles of HLA-
DR4 (DRB1*0402 and *0406 in Ashkenazi ]ews9 and
Asians,'®'" respectively) and DR14 (DRB1*1401 and *1405

12,13 . 10,14
and Asians,

in Europeans respectively) confer strong
susceptibility to PV in different ethnic populations. Neverthe-
less, the association between some HLA-DRBI genes and PV
remains controversial and obscure in some population-based
studies. One such study demonstrated that the autoantibody
response in Jewish patients with PV was linked to HLA-DR4,
but in non-Jewish patients of European ancestry it was linked
to DR6.'” DRB1*#07'® was associated with increased suscepti-
bility to PV in Italians (southern Europe) while a similar
observation had already been reported for DRB1*13 in Spanish
patients16 Interestingly, Korean patients with PV have remark-
ably high frequency of DRB1*01'” rather than DRB1*04 or
*14. In contrast, individuals of Moroccan descent appear to
benefit from a unique protective effect of DRB1*15."®

It is possible that these seemingly ethnic-specific roles for
HLA-DRBI are merely the product of statistical bias introduced
by the relatively small sample sizes in each individual report.
As such, a meta-analysis research method may be able to
reveal more precisely the true role of HLA-DRB1 genes in PV.
Here, we describe the first meta-analysis study of HLA-DRBI
as related to PV susceptibility or resistance. The findings from
our study provide further insights into the underlying mecha-
nisms of PV pathogenesis and may help future development
of effective therapies to prevent and treat PV.

Materials and methods

Identification of relevant studies and data extraction

This study was designed according to the Meta-analysis Of
We
searched PubMed, Wiley Online Library, ScienceDirect, Google

Observational Studies in Epidemiology ~guidelines.'”

Scholar, Cochrane Library, Chinese National Knowledge Infra-
structure and Wanfang database for studies associated with the
following Medical Subject Heading terms: (i) ‘pemphigus’;
and (ii) ‘human leukocyte antigen’, ‘HLA’, ‘major histocom-
patibility complex’, ‘MHC’ or ‘DRBI’. No restrictions were
placed on language, patient age, sex or study design. All pub-
lications were searched up to 30 September 2011. In addition,
the reference lists of all electronically identified studies and
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reviews were manually searched. All referenced dissertations
and digests of conferences were retrieved. If additional studies
or obscure data were suggested in any of the retrieved litera-
ture, the cited experts were contacted to obtain any additional
sources of relevant data.

Two

investigators (LY. and J-M.W.)

reviewed all abstracts for study relevance, retrieved the

independently

selected full texts, extracted data using a standardized form,
and assessed study quality. Disagreements were resolved by
discussion and by consulting a third investigator (K.Z.). Stud-
ies were selected according to the following inclusion criteria:
(i) an independent case—control design; (ii) primary study
(not re-analysis or review) in English or Chinese; (iii) suffi-
cient information to calculate the odds ratio (OR); (iv) unre-
lated cases and controls; (v) molecular-type detection methods
(including high or low resolution level); and (vi) definite
diagnosis of PV, based on histopathology or immunopatho-
logy. In addition, studies were excluded based on the follow-
ing features: (i) incomplete raw data; (ii) repetitive reporting
of a dataset (for which, the most recent report was selected
for inclusion); (iii) insufficient materials and methods; (iv)
exclusive focus on haplotype or single nucleotide polymor-
phism; or (v) exclusive focus on HLA-DR4 or DR14.

The following information was collected from each of the
selected studies: authors, publication year, ethnicity of study
population, detection assay type, PV diagnostic criteria, and
numbers of cases and controls for each genetic variation. The
genetic data were categorized as allelic data (allele counts of a
locus in the certain diploid species) or phenotype data (num-
ber of individuals positive for a given allele, regardless of het-
erozygosity or homozygosity).

Quality assessment for included studies

In consideration of the various and complex nature of obser-
vational studies, we evaluated the internal validity of each
selected article from different aspects. After referring to the
treatise of Chalmers et al.?® and making minor modifications,
we determined a unified form for assessing study quality that
comprised four basic elements. First, the quality evaluation of
‘subjects’ was based on whether or not (i) selection criteria
were used for the PV cases, including a specific definition of
the diagnosis; and (ii) the control group was composed of
individuals who were healthy and unrelated to the PV cases.
Second, ‘comparability’ between PV cases and controls was
judged according to statistical similarity in age, sex, ethnicity
and area of residence. Third, the assessment of study ‘out-
come’ was based on whether or not (i) the author mentioned
use of blinding methods during the steps of data collection or
interpretation of results; (ii) the results were clearly presented
(with ORs and P-values); (iii) the results were comprehensive
and objective (with negative results included); and (iv) a
statement about regular heredity or Hardy—Weinberg equilib-
rium testing was included. Each paper was scored for these
criteria on a scale of 0-10, with > 5 indicating high quality
and < 5 indicating low quality.
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Statistical analysis

The effect of DRBI in PV was measured by using the Mantel—
Haenszel method to calculate the ORs and 95% confidence
intervals (CIs). Initially, numerical data were extracted directly
and frequency data were multiplied by the total sample num-
ber and converted to a numerical statistical value.’' Then,
Review Manager software (RevMan 5.0; available from the
Cochrane Collaboration; http:/ / www.cochrane.org) was used
to conduct the meta-analysis. The heterogeneity among differ-
ent studies was estimated by the x” test, the Q-statistic test
and the I’ test. If the P-value for heterogeneity (Ph)
was > 0-10 or I* < 50%, then heterogeneity was statistically
insignificant’” and the fixed-effects model was applied; other-
wise, the random-effects model was used. If the P-value for
comparability (Pc) was < 0-05 (two-tailed test) and the 95%
CI of OR was exclusive of 1-0, then the result was statistically
significant. In order to avoid type II errors, Bonferroni adjust-
ment of the P-values was not performed for multiple compari-
sons.”*** To test the robustness of the results, sensitivity
analysis was performed by removing a single study at a time.
In addition, the two categorical results of a selected gene
were comparatively analysed. If both results were consistent in
the direction of 95% CI and had Pc-value < 0-05 but high het-
erogeneity, then subgroup (by RevMan 5:0) and meta-regres-
sion”® analyses were conducted to identify any potential
sources of heterogeneity. The indices of stratified meta-analy-
ses were ethnicity and quality classification, while covariates
of meta-regression analyses were publication year, ethnicity
and quality classification. The meta-regression analysis was
STATA/SE 11.2 (hup://

performed with the software

WWW.stata.com).

Evaluation of publication bias

Funnel plot analysis was carried out by evaluating the symme-
try of a scatter diagram. As more than five studies and experi-
ential interpretation are required, we used Begg’s rank
correlation test and Egger’s linear regression test***® to mea-
sure the degree of symmetry on quantified indices and to con-
firm the plot accuracy. The Begg’s and Egger’s tests were
carried out by STATA/SE 11.2 software.

Results

Characteristics of included studies

In total, 233 nonrepetitive articles were identified by the ini-
tial database search. After restrictive selection according to the
inclusion and exclusion criteria (Fig. 1), 18 studies were
selected for inclusion in the meta-analysis. The study charac-
teristics are presented in Table 1. One letter to the editor by
Saha et al.”” was included in the meta-analysis, despite lacking
a description of diagnosis, as the patient information was pro-
vided by the PV Network (http://www.pemphigus.org.uk/).
A variety of ethnicities was represented by the 18 studies:

Publications and lderature entified
and screened (o = 233)

Studses exchaded (o = 126)

61 Notrelevant to HLA or MHC
3 Reviews and case report

10 ™ot relevant to permphigus

18 Relevant 1o treatment

3 Animal studses

Polentially relevant citations
ientsfied for abstracts evaluation

(a=107)

Studses exchuded (n= 78)

M Not casecontrol study

19 Mot redevant to HLA-DRBI
35 Not relevant o PV

Full manuscrpls reineved for
evaluation (o = 29)

Studes excluded (n=11)

8  Lack of sifficsent data or only
DRA or DRI4 results

1 Contain duplicale miormation
or overlaps

1 Family control

Studes inchaded m mets-analyns
(n=18)

Fig 1. Flow chart of article selection process. HLA, human leucocyte
antigen; MHC, major histocompatibility complex; PV, pemphigus
vulgaris.

8,10,14,17,28 12,15,16,27,29-32

Asians, n = 5; caucasians,

9,12,27,33-35

n = 8,
other nationalities, n = 6; mixture of caucasians
and noncaucasians,13 n = 1. In addition, the 18 studies collec-
tively provided data for 27 comparisons between different

DRBI types and PV.

Quality assessment of included studies

Table 2 shows the results of quality assessment for each of the
18 included studies. In three of the studies, homozygous cell
lines from different ethnic groups were used as controls in
lieu of individuals.”***° None of the studies included the
blinding methods (either during data collection or during
interpretation of results) in their analyses. Moreover, no study
considered the prevalence of each variant in the general popu-

8,10,12,15-17,28,32-35

lation. Finally, 11 studies were defined as

9,13,14,27,29-31

high quality, while the rest were defined as low

quality.

Meta-analyses of DRB1 polymorphism correlation to
pemphigus vulgaris

The susceptibility or resistance correlations of HLA-DRB1 and
PV are summarized in Tables 3 (alleles) and 4 (phenotypes).
Pooled ORs and 95% CIs indicated that three HLA variants
(DRB1*04, DRB1*¥08 and DRBI1*14) were associated with a
significant increase in risk of PV. In contrast, the frequencies
of DRBI1*03, DRB1*07 and DRBI*15 were significantly
decreased in PV (P < 0-05), suggesting a protective role.

In both allele and phenotype analyses, the overall gene fre-
quency of DRB1*04 was significantly higher in patients with
PV (3183% and 5446%, respectively) than in controls

© 2012 The Authors
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Table 2 Quality assessment and scoring of included case—control studies

Subjects Comparability Outcome

Study: first author,

year of publication (1) 2) Age Sex Ethnicity Region 3) 4) (5) (6) Score
Ahmed, 1990° @ & @ 3
Ahmed, 1991°° * & 2
Niizeki, 1994'* & * & & 4
Lombardi, 1996’ @ &5 * 3
Carcassi, 1996°%? * * * * * 5
Delgado, 1997'* * * * * & * 6
Lee, 19987 & * & & & & 6
Gonzalez-Escribano, 1998'° * * * * * * 6
Miyagawa, 1999° o e & 3 v 5
Lombardi, 1999"° * * * * * * 6
Loiseau, 2000"? * @ @ @ 4
Zhou, 2003"° & & & & & & & & 8
Veldman, 2004°' @ @ 2
Geng, 200528 * * * * * * * * 8
Saenz-Cantele, 200733 * * * * * 5
Shams, 2009°* @ @ * &5 * 5
Saha, 2010%7 & & & & 4
Tunca, 2010*° * & & & & & 6

Asterisks indicate criteria that were satisfied. (1) Patient selection criteria, including specific definition of the diagnosis; (2) representative

control group (unrelated and healthy individuals); (3) blinding during data collection and interpretation; (4) study results clearly presented

(odds ratio, P-value); (5) reporting of negative results (lacking statistical significance); (6) the prevalence of each variant in the general

population (Hardy—Weinberg law of genetic equilibrium).

(12:91% and 18:93%, respectively) (P < 0:05). A random-
effects model was used based on the detected heterogeneity in
the test results (Ph < 0-00001, I> = 83% and Ph < 0-00001,
I = 78%, respectively). Furthermore, stratified meta-analyses
(Table 5) and meta-regression analysis (Table 6) were con-
ducted to determine the possible sources of heterogeneity.
The ethnicity-stratified test showed reduced heterogeneity for
Asians (I" = 0%). In the sensitivity analysis, the ORs and 95%
CI directions remained stable, suggesting that the results were
consistent to some extent.

DRB1*08 frequencies were significantly higher in patients
with PV than in controls in both the allele (Pc = 0-03, OR
2:25, 95% CI 1:07—4'70) and phenotype (Pc = 00003, OR
246, 95% CI 1-51-401) but
(I* = 54%) was observed in the allele group. Ethnicity-strati-

analyses, heterogeneity
fied meta-analyses implied that DRB1*08 increased signifi-
cantly only for caucasians. In the sensitivity analysis, three
studies'**"*? were determined to impact the statistically sig-
nificant effect of ORs and 95% CIs. Notably, these three stud-
ies all depended on caucasians and were consistent with
ethnicity-stratified results in Table 5.

In both allele and phenotype analyses, DRB1*14 showed a
remarkably high risk for PV occurrence (Pc < 0-00001, OR
647, 95% CI 4:52-9-26 and Pc < 0-:00001, OR 9-68, 95% CI
4+47-20-98, respectively). However, significant heterogeneity
(I’ = 63% and 1> = 72%, respectively) was found to exist
among the studies. Meta-regression analysis (Table 6) revealed
that different ethnicities were a significant source of heteroge-
(adjusted R*> of DRBI*14

neity phenotype = 100%,

P = 0:032). The comparability of results did not change after
a sensitivity analysis was conducted by sequentially omitting
each study.

DRB1*03 showed a strong protective effect against PV in
both the allele (Pc < 0-00001, OR 0-28, 95% CI 0-19-0-41)
and phenotype (Pc = 0-:0001, OR 0-25, 95% CI 0-12-0-51)
analyses. No significant heterogeneity was detected in either
analysis (I* = 0% and I* = 27%, respectively).

Both DRB1*07 and DRB1*15 were significantly negatively
correlated to the incidence of PV. Nevertheless, high-level het-
(DRB1*07, > =59%; DRBI*15, I*=52%)
occurred in the allele analyses, despite the random-effects

erogeneity

model having been used. Stratified meta-analyses (Table 5)
and meta-regression analyses (Table 6) were carried out for
both alleles and phenotypes. For DRB1*07, the ethnicity-strati-
fied analysis showed a reduction of heterogeneity in cauca-
sians (I = 16%) and other mixed ethnicities (I* = 13%).
Moreover, there was not significant heterogeneity (I2 = 0%)
among the studies assessed as low quality. For DRBI*15,
results were consistent among studies of other ethnicities
(I’ = 0%) and those of low quality (I* = 0%). A sensitivity
analysis revealed that the DRB1*15 phenotype data in Niizeki
et al.'* influenced comparability.

DRB1*01, DRB1*09, DRB1*13 and DRBI1*16 were not
statistically significant in either the allele or phenotype analy-
ses, and produced several unstable outcomes in sensitivity
analysis. None of the results varied obviously in stratification
or meta-regression analysis of studies by geography or study
quality.
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Table 5 Meta-analysis stratified by study quality and ethnicity

Ethnicity Quality
Asian Caucasian Other High Low
HLA-DRB1 r I’ r I I’
type % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI
*04 genotype 0 1-33-3-86 87 1:65-7-71 84 1-62—7-05 88 1-78-6'96 76 1-97-7-18
*04 phenotype 89 0-65-3-79 46 2:39-4-40 1-49-3-32 82 1-84—4-09 62 0:78-273
*07 genotype 75 0-16—4-22 16 0:19-0-57 13 0:29-0-92 68 0-21-0-50 0 0:37-093
*08 genotype = 0-36-243 0 2:38-9-68 0:60-2:74 60 0:97—4-67 = 0-30-126:18
*14 genotype 58] 3:00-1513 56 4:71-13-10 3:37-6'81 66 5:91-9-78 45 3-54—7-88
*14 phenotype 86 079-124-32 46 4:68-19-39 = 1-68—14:02 76 3:25-23-68 77 2:08-59-37
*15 genotype 65 0-05-1-92 58 0-16-1-11 0 0:10-0-43 53 0:19-0-99 0 0:18-0-66
CI, confidence interval. Significant results are shown in bold. —, only one study involved.
Table 6 Meta-regression analysis on study characteristics
Publication year Ethnicity Quality
Adjusted R Adjusted R Adjusted R
HLA-DRBI type % P (> Itl) % P (> Itl) % P (> Itl)
*04 genotype —12:67 0905 2:31 0-286 —12-28 0908
*04 phenotype —16'70 0-640 2965 0-141 19-03 0-213
*07 genotype —12-15 0418 —841 0-476 =753 0356
*08 genotype 8010 0-078 —54-90 0902 = =
*14 genotype 37:32 0117 2:00 0-424 —1-06 0274
*14 phenotype 55:02 0-094 100:00 0032 —42-21 0918
*15 genotype 100-00 0-103 —40'73 0-858 31-88 0276

Significant results are shown in bold.

Publication bias

All the funnel plots were inspected for geometrical symmetry
and most were found to be roughly symmetrical. Only the
plots of DRB1*12 phenotype, and DRB1*14 allele and pheno-
type were asymmetrical. The funnel plots confirmed the
absence of publication bias (Tables 3 and 4), which was in
accordance with outcomes of Begg's and Egger’s tests
(P> 005). DRB1*14 was the only notable exception, with
P = 0:049 for Begg’s test and P = 0:034 for Egger’s test. The
publication bias of DRB1¥10/12/16 phenotypes was incalcula-
ble, with only one article left due to automatic rejection of
zero events in the arithmetic.

Discussion

Extensive research has been carried out to determine the func-
tion of HLA in the pathogenesis of PV; however, the findings
to date have been inconsistent and controversial. Therefore,
we performed a meta-analysis to investigate more comprehen-
sively the potential association between HLA-DRBI and PV,
the first of its kind in the literature, to our knowledge.

Our study revealed that DRB1*¥04, DRB1*08 and DRB1*14
susceptibility factors for PV, whereas DRBI1*03,
DRB1*07 and DRB1*15 may be negatively associated with PV
across racial lines. When the patients and controls were strati-

were

fied into subgroups by ethnicity, DRB1*07 frequencies were
found to be significantly lower in caucasian and other mixed
ethnicities and DRB1*08 was obviously increased in cauca-
sians. In addition, DRB1*04, DRB1*14 and DRBI1*15 were
strongly correlated with PV incidence, despite remarkable het-
erogeneity. Meta-regression analysis by ethnicity and study
quality could not explain the between-study variance assessed
by Knapp—Hartung modification (P > 0-05) in STATA/SE 11.2
software. According to the majority of earlier studies, pemphi-
gus is most often associated with DR4 and DR14, regardless

e 12,16,32,36-39
of ethnicity,'>"'®323¢73

For example, molecular-based geno-
typing'® revealed an association with DRB1*#0402 in Ashke-
]ews,9 Iranians,34 French,13 Itahans,15
Spaniards,]6 Sardinians®? and Tunisians.>” DRB1*0403, *0404
and *0406, however, were associated with PV in Japanese
individuals.® Likewise, DRB1%1401 was correlated with PV in

13 1S 8,14
French,”” Italian, ” Japanese

nazi non-Jewish

and Spanish'® populations,
while DRB1*1404 was correlated with PV in eastern Indian
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and Pakistani subjects.'” In addition, different genotypes have
been shown to be associated with PV in different studies of

the same population.®'*3®

Therefore, subtype—gene analysis
among populations from disparate nations*® may help to
uncover further the sources of heterogeneity. DRB1%04:02,°
for instance, is clearly associated with PV in Ashkenazi Jews,
and shows the highest frequencies. DRB1#0802 and *1408'*
are associated with Japanese patients with PV, and the highest

10,11,38
7% and

frequencies occur in eastern Asia. DRB1*04:06
#14:05""'*3® are frequent both in Chinese and in Japanese.

Notably, strong linkage disequilibrium is reported to exist

across DR-DQ loci with PV, such as DQB1*0503—
DRB1*1401,*' DRBI1*04-DQB1*03%'® and DRBI1*04—
DQA1%0301.%** However, it is still unclear whether

over/underrepresented haplotypes represent a true association.
Lee et a*® found that both haplotypes {DRB1%0402;
DQB1*0302} and {DRB1*0402; not DQB1*0302} are signifi-
cantly elevated in patients with PV. However, when
DRB1*0402 is excluded from the haplotype {not DRB1*0402;
DQB1*0302}, the frequency of this haplotype is not signifi-
cantly different between patients and controls. Considering the
variability and quantity of relevant haplotypes, the role of
linkage disequilibrium was not addressed in our study.
Although the correlation of PV with HLA class II genes
has been demonstrated by various studies, the mechanisms
underlying the effect have yet to be elucidated. It is known
that the interaction of anti-Dsg3 antibodies with their target
antigens is responsible for loss of cell adhesion (acantholy-
sis). The loss of tolerance to target autoantigens is considered
to involve HLA class II molecules, the initiating autoantigenic
peptide(s), and T-cell receptors (TCRs).** In PV, the inter-
action between the TCR and the major histocompatibility
complex (MHC)—peptide complex may be a key step towards
triggering T-cell ability to respond to Dsg3, especially for
the CD4+ subtype. Many reports have shown that HLA-DR
molecules can bind multiple self-peptides with high effi-
ciency and that DR molecules may act as restrictive elements
for peptide presentation.'®> The HLA-DR B1 chain** gene is
localized in the MHC class II region that encodes immuno-
modulatory factors involved in recognition of extracellular
proteins and autoantigens. Nonconservative substitutions of
key amino acid residues in the hypervariable region (ol and
B1) coded by the HLA-DRB1 gene mediate variations in the
HLA class II molecule space structure. Put more precisely,
changes in the primary amino acid sequence can affect the
pocket surface electrostatic potential and modify protein
function® through steric hindrance. Such differentially tar-
geted binding potency could result in a variable antigen-
specific immune response to various Dsg family members,
such as Dsg3. In fact, both abnormal antigen presentation
and T-cell dysfunction are known to be involved in PV path-
ogenesis.*® For example, autoreactive T cells of patients with
PV recognized distinct Dsg3 peptides with conserved anchor
motifs required for binding to some HLA-DRBI alleles.”
However, as PV does not result from the aberrant presenta-
tion of a single product of the HLA gene, more complex

© 2012 The Authors
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immune mechanisms, such as cytokines secreted by Dsg3-
reactive Th cells involved in B-cell differentiation and Dsg-
specific autoantibody production,” may also promote PV
onset and progression.

Meta-analysis is an established and effective strategy to
increase the sample size by pooling data from individual
studies to enhance the statistical power of the analysis.*®
However, in our meta-analysis several limitations exist that
may impact the interpretation of our results. First, many of
the studies involved in our meta-analysis did not control for
matching variables, such as age, sex or ethnicity. Each of
these could have confounded the studies’ estimates. Second,
nonsignificant results are less likely to be accepted for publi-
cation and inclusion among the searchable literature. Any
type
Although we performed Begg’s and Egger’s regression tests

of missing data can cause false-positive results.
and found no significant publication bias, we cannot com-
pletely rule out the possibility of disequilibrium.*”** Third,
as with other complex autoimmune diseases, PV is likely to
have a multifactorial cause, possibly including the combin-
ation of different genes, environmental effects and the real
prevalence of each variant in the population. We did not
analyse the complex interplay between various genes due to
limited data, and our conclusions were drawn without con-
sidering environmental or inherent factors. Fourth, HLA
genotyping techniques have different sensitivities. For exam-
ple, results from polymerase chain reaction with probe
hybridization do mnot always coincide with sequencing
results. Yet, we did not include the particular methodologies
used in our meta-analysis. Fifth, some relevant published or
unpublished data may be overlooked or beyond the scope
of our discovery strategy. Finally, pemphigus is a relatively
rare and severe disease. As such, it is difficult for clinicians
to conduct large-scale randomized controlled trials. The
case—control studies used in our meta-analysis were based
on small samples and were of lower scientific evidence level,
which might have decreased our ability to detect a differ-
ence in the distribution of HLA-DRBI.

Nevertheless, research to determine the primary role of
some regions of the HLA locus in the pathogenesis of PV may
have value in subsequent prospective studies to uncover the
underlying mechanisms. Ethnic-specific PV alleles may influ-
ence the susceptibility or resistance to PV by attributing to a
direct involvement of the HLA molecules as an antigen pre-
senter or a neighbouring linked gene.*” In addition, our iden-
tification ~ of some  significant risk and  protective
genotypes/haplotypes among various ethnicities in heteroge-
neous geographical regions illustrated that such genetic vari-
ants are likely to be shared with other populations of the
world. However, to confirm our observations it is necessary to
conduct large-scale clinical studies with standardized blinding
methods, homogeneous PV patient samples and well-matched
controls. In conclusion, our results provide some insights into
the correlation of HLA-DRBI with PV but should be consid-
ered cautiously with respect to the limitations of our study

and the underlying data.
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What’s already known about this topic?

e Various alleles of the HLA-DRBI gene have been associ-
ated with pemphigus vulgaris (PV), but studies of these
genes have been largely carried out in small populations
and the results from different studies have not been con-
sistent.

What does this study add?

e To the best of our knowledge, this is the first meta-anal-
ysis on the association between HLA-DRB1 and PV.

e DRBI*04, DRB1*08 and DRB1*14 may act as suscepti-
bility factors for PV, while DRB1*03, DRB1*07 and
DRB1*15 were found to be significantly negatively asso-
ciated with PV.

e The roles of DRB1*07, DRB1*08 and DRB1*14 pheno-
types are partially dependent on ethnicity.
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